The Potential of Energy Efficiency on Recycle Paper Bioprocess  by Masriani, Rina et al.
 Procedia Chemistry  16 ( 2015 )  511 – 518 
1876-6196 © 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of Research Center for Chemistry, Indonesian Institute of Sciences
doi: 10.1016/j.proche.2015.12.086 
Available online at www.sciencedirect.com
ScienceDirect
!AG8EA4G<BA4?+L@CBF<H@BACC?<87;8@<FGEL!+
,;8(BG8AG<4?B9A8E:L99<6<8A6L
BA*86L6?8(4C8E<BCEB68FF
*<A4%4FE<4A<4 ,4H94A <74L4G5&<A4?L4A<5 8A7EB*<F7<4AGB5 4A718<?L
&HE46;@4A6
	%-3%1.&/4+/!-$/!/%1+!7!!7%4(*.+.3.	
!-$4-'
-$.-%2)!

).#(%,)2317)5)2).-!#4+37.&!3(%,!3)#2!-$!341!+#)%-#%2
-23)343% %#(-.+.'7!-$4-'+!-%2(!.	!-$4-'	
-$.-%2)!
!" "
,;8<A6E84F<A:HF8B9E86L6?87C4C8E5LG;8C4C8E<A7HFGELGBFHCCBEGG;8E88A!A7HFGEL<AG;8!A7BA8F<4A(H?C4A7
(4C8E!A7HFGEL	HGG86;A<64??L G;8E84E8FB@87<F47I4AG4:8FB9E86L6?879<58EHF4:8FH6;4F?BJ7E4<A4:8E4G8<A
J;<6;5BBFG87G;8;<:;8A8E:L6BAFH@CG<BABA7EL<A:CEB68FF	F4?E847L>ABJA G;87EL<A:CEB68FF6BAFH@8FG;8
;<:;8FG8A8E:L<AC4C8E@4><A:	,BBI8E6B@8G;<FCEB5?8@G;8E8F84E6;HF<A:G;86BA68AGE4G8B98A7B:?H64A4F8:?
!! ;4F 7BA8	 ,;8 FG8CF B9 E8F84E6; <A6?H787 CEB7H6G<BA B9 8A7B:?H64A4F8 :?!! 6BA68AGE4G<BA 5L H?GE49<?GE4G<BA
@8G;B7 @B7<9<64G<BA B9 E86L6?87 C4C8E 9<58EF HF<A: 8A7B:?H64A4F8 :?!! 6;4E46G8E<M4G<BA B9 C4C8E F;88G 4A7
8I4?H4G<BAB98A8E:L6BAFH@CG<BA <A7EL<A: G;8F;88GB9C4C8E	,;8E8FH?GFF;BJ87 G;4G8A7B:?H64A4F8:?!!;47
<A6E84F87E4<A4:8E4G8B9E86L6?879<58EFGB6>J;<6;<A7<64G85LG;89E88A8FFAH@58E	,;8AH@58E;47<A6E84F875L
@?+4A47<4A+G4A74E7E88A8FF9EB@@?+GB@?+4A79<58EE8G8AG<BA<A6E84F875L
9EB@GB	,;87<FFB?I8768??B5<BF8 G8FG E8FH?GFB9 E86L6?879<58EFGB6>5L G;88AML@8GE84G@8AG4G
?BJ7BF4:8 F;BJ87 G;4G AB 78:E474G<BA B9 68??H?BF8 AB 6;4A:8 <AGB FB?H5?8 FH:4EF	;4E46G8E<M4G<BA B9 F;88G B9
C4C8EG;4G;4F588A@B7<9<87J<G;8A7B:?H64A4F8:?!!54F87,!*FC86GE4F;BJ87AB6;4A:8<A 9HA6G<BA4?:EBHC
+% E8FH?GF F;BJ87 BA G;8 9<58E FHE9468 9<5E<?F :EBJ @BE8 4A7 G;8 E8FH?GF B9 G;8 0* 4A4?LF<F F;BJ87 4E84
E87H6G<BA B9 4@BEC;BHF E8:<BAF <F 45BHG 	 ,;8 CBG8AG<4? 9BE 8A8E:L 899<6<8A6L <F 64?6H?4G87 G;EBH:;
G;8E@B7LA4@<64CCEB46;<F45BHG	
N  ,;8HG;BEF	(H5?<F;875L?F8I<8E	.	
(88EE8I<8JHA78EE8FCBAF<5<?<GLB9*8F84E6;8AG8E9BE;8@<FGEL!A7BA8F<4A!AFG<GHG8B9+6<8A68F	
%76.1$2 E84E87H6G<BAB94@BEC;BHF E8:<BAF8A7B:?H64A4F8:?!!8A8E:L899<6<8A6L9<58E@B7<9<64G<BAE86L6?87C4C8E	
 " #"
,;8 GE8A7B9HG<?<M4G<BAB9 E86L6?879<58E <A !A7BA8F<4AC4C8E <A7HFGE<8F4E8 <A6E84F<A:E868AG?L4?BA:J<G; G;8
?4HA6;<A: B9 :BI8EA@8AG CB?<6L E8:4E7<A: G;8 :E88A <A7HFGEL	 !A 477<G<BA G;8 HF8 B9 E86L6?87 C4C8E <F I8EL
© 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of Research Center for Chemistry, Indonesian Institute of Sciences
512   Rina Masriani et al. /  Procedia Chemistry  16 ( 2015 )  511 – 518 
CEB@<F<A:5864HF8B9<GF6;84CCE<68<8G;8CE<68B94?B64?E86L6?<A:64E75B4E74EBHA7!*
>:6B@C4E87J<G;
G;8CE<68&-#(4EBHA7!*
>:	4E75B4E7BE6BEEH:4G875B4E75BK<F4GLC8B9E86L6?87C4C8E84F<8FG
4A7@BFGJ<78?L6B??86G87 23	BEEH:4G875B4E75BK<F9BE@87B96BEEH:4G875B4E7	BEEH:4G875B4E7@478HCB9
?<A8EC4C8E4A79?HG<A:@87<H@23	,;8E4J@4G8E<4?B9?<A8EC4C8E<FA887?8HA5?846;>E49GCH?C&-#(4A7B?7
6BEEH:4G8764EGBA'	?HG<A:@87<H@<F@4789EB@4@<KJ4FG8C4C8E4A7'	
HGG86;A<64??LG;8E84E8FB@87<F47I4AG4:8FB9E86L6?879<58EHF4:8FH6;4F?BJ7E4<A4:8E4G8<AJ;<6;5BBFG87
G;8;<:;8A8E:L6BAFH@CG<BABA7EL<A:CEB68FF	F4?E847L>ABJAG;87EL<A:CEB68FF6BAFH@8FG;8;<:;8FG8A8E:L
<AC4C8E@4><A:	,;<FCEB68FF6BAFH@8F8A8E:LB9,5GHBEC4C8E@46;<A86BAFH@8F8?86GE<6<GLB9>/;
G
4A7FG84@>/;
G23	
99BEGFGB<@CEBI8G;87E4<A4:8E4G8;4F588AC8E9BE@87HF<A:G;88A7B:?H64A4F84A78KB:?H64A4F8	66BE7<A:
GB238A7B:?H64A4F8 !!!9EB@  1%%2%) 8?<FI8EL89986G<I8<A<@CEBI<A:G;87E4<A4:8E4G89EB@G;8F86BA74EL
9<58E	 !ACE46G<64?4CC?<64G<BAF 8A7B:?H64A4F8 !,E8?ABG64HF84786E84F8 <A G;8 FGE8A:G;B9 G;8C4C8EBA G;8
GE84G@8AG B9 F86BA74EL CH?C	 KB:?H64A4F8 4CC?<64G<BAF BA E86L6?87 C4C8E CEB7H6G<BA <F 7BA8 5L 4 6BAGEB??87
GE84G@8AG <A6E84F8F G;8FGE8A:G;B9 G;8C4C8E 23	,;8E86B@5<A4AG8AML@8<F58GG8E G;4AA4G<I8546G8E<4?8AML@8
5864HF88AML@8FCEB7H687@BE8CHE84A7;4I8458GG8E45<?<GLGB5<A74A778:E478 68??H?BF8 23	
<58E@B7<9<64G<BA HF<A: 8A7B:?H64A4F8 <F 7BA8 5L <A6H54G<A: G;8 9<58E <A G;8 CEB68FF B9 FGB6> E86L6?87 CH?C
CE8C4E4G<BA23	,;8@4<AG;<A:G;4G7<FG<A:H<F;8FG;8C4C8E@4><A:9EB@I<E:<ACH?C4A7E86L6?87CH?C<F4GG;8FG8C
7<F<AG8:E4G<BA 4A7 E89<A<A:B9 G;8CH?C 23	,;8CEB68FF G;4G B66HEF7HE<A:C4C8E@4><A: ?847F GB 6;4A:8F <A 9<58E
CEBC8EG<8FBAE86L6?87CH?C	4F<64??L G;86;4A:8F G;4GB66HE <A E86L6?879<58EF64HF875L G;8F;BEG8EB9 G;89<58E
?8A:G;4A7 G;8 ?BJ8EB9 9<58E 9?8K<5<?<GL G;4AI<E:<ACH?C23	 !A G;8C4C8EF;88G 9BE@4G<BAFGB6>6BAG4<A<A:J4G8E
A887 GB F8G 4F<78 G;8J4G8E <ABE78E GBB5G4<A47EL F;88G	66BE7<A: GB 23 G;8E@B7LA4@<64??L G;84??BJ4A68B9
J4G8E<AG;87EL<A:CEB68FFHF<A:G;89B??BJ<A:8DH4G<BA

L)8A8E:L9BE7EL<A:"%@4FFB9J4G8EG;4G7E4<A87:C;84G64C46<GLB9J4G8E"
:	#,5
5B<?<A:CB<AGB9J4G8E#,<A<G<4?G8@C8E4GHE8 #U?4G8AG;84G4GG;85B<?<A:CB<AGB9J4G8E"
:	
AML@8GE84G@8AG64A<A6E84F8G;89E88A8FFJ;<6;@84AFJ4G8EG;4G <FBAG;8J8GF;88G?8FFG;4AG;8HAGE84G87
8AML@8	+HCCBF8G;8@4FFB9J4G8E<AG;8F;88GJ<G;BHGGE84G@8AG@4A7G;8@4FFB9 J4G8E<AG;8F;88G49G8EG;8
8AML@8 GE84G@8AG @ G;8A @  @	 ,;HF G;8 8A8E:L GB 8?<@<A4G8 J4G8E <A J8G F;88GF G;4G ;4I8 HA78E:BA8
8AML@8GE84G@8AGJ4F?BJ8EG;4AG;4GB9G;8HAGE84G878AML@8))	
A7B:?H64A4F8:?!!;4F4ABCG<@H@C <AG;8A8HGE4?C 23FBG;4G4CCEBCE<4G8GB584CC?<87<AG;8C4C8E
<A7HFGEL	 ,;8 CEB68FF B9 @4><A: C4C8E 4G A8HGE4? BE 4?>4?<A8 C  <F @BE8 899<6<8AG G;4A 4G 46<7<6 C  23	 ,;<F
E8F84E6;A887FGB586BA7H6G87GB78G8E@<A8G;8CBG8AG<4?B98A8E:L899<6<8A6LBAE86L6?87C4C8E5<BCEB68FFHF<A:
6BA68AGE4G878A7B:?H64A4F8:?!!J;<6;<F4A!A7BA8F<4ACEB7H6G	
 " "

	 !3%1)!+2
+4@C?8F B9 E86L6?87 C4C8E HF87 <F ?BJ DH4?<GL B?7 6BEEH:4G87 64EGBA
' ?B64? ' 9BE <AFG4AG ABB7?8
B5G4<A87 E4A7B@?L 9EB@ G;8 4E84 4?88A74; 4A7 4L8H;>B?BG 4A7HA:/8FG "4I4	 ' 9EB@ C4C8E@<?? 4A7
C4C8E@<??  7<FG<??87J4G8E G;4G@88GF G;8 E8DH<E8@8AGF 9BE 9E88A8FF G8FG<A:	 A7B:?H64A4F8 :?!! 8KCE8FF87 5L
!#)++42 ,%'!3%1)4, J;<6; 64EE<8F C?4F@<7 (%%8:!! 8>FGE4F8?	  ,%'!3%1)4, J4F B5G4<A87 9EB@ G;8
$45BE4GBELB9 <B6;8@<FGEL !AFG<GHG8B9 ,86;AB?B:L4A7HA:	 8??H?4F8 9EB@ 2/%1')++42 -)'%1 +<:@4 !A78K&B	
	 (4 6;8@<64?F CEB4A4?LFG 6BAF<FG<A: B9 GELCGBA8 L84FG 8KGE46G &4? G8GE46L6?<A8 C8CGBA8 KL?BF8
5BI<A8 F8EH@ 4?5H@<A 64E5BKL @8G;L?68??H?BF8 7<A<GEBF4?<F<?4G 46<7 68??B5<BF8 E479BE7 E84:8AG 4A7 J4G8E
7<FG<??4G8	 (B?LFH?9BA8 @8@5E4A8 (% J<G; 4 CBE8 F<M8 B9  >4  >4 4A7  >4 9BE 8A7B:?H64A4F8
6BA68AGE4G<BA 5L H?GE49<?GE4G<BA	
 Rina Masriani et al. /  Procedia Chemistry  16 ( 2015 )  511 – 518 513


 %3(.$
 1.$4#3).- .& %-$.'+4#!-!2% '+ !-$ #.-#%-31!3).- "7 4+31!&)+31!3).- ,%3(.$ (EB7H6G<BA 46G<I<GL
@84FHE8@8AG234A778G8E@<A4G<BAB9CEBG8<A6BAG8AG23 J4F 64EE<87BHG<A466BE74A68J<G;G;8@8G;B723	
A7B:?H64A4F8:?!!J4F6BA68AGE4G875LH?GE49<?GE4G<BA@8G;B723	
 .$)&)#!3).- .& 1%#7#+%$ /!/%1 &)"%12 42)-' %-$.'+4#!-!2% '+ *86L6?87 9<58E FGB6> J4F CE8C4E87 5L G;8
CEB687HE8 466BE7<A: GB 23	 !A<G<4? 9E88A8FF B9 E86L6?87 9<58E FGB6> J4F  @? + 4A47<4A +G4A74E7
9E88A8FF	 ,;8 FGB6> HF87 <A G;<F FGH7L ;4F 4 9E88A8FF AH@58E  @? 4A7  6BAF<FG8A6L	 *86L6?87 9<58E
@B7<9<64G<BA J4F 7BA8 5L <A6H54G<A: G;8 @<KGHE8 B9 8A7B:?H64A4F8 :?!! 4A7 G;8 FGB6>	 ,BG4? 46G<I<GL 5BG;
8A7B:?H64A4F8:?!!BE6B@@8E6<4?68??H?4F8 J;<6;<FHF87GB@B7<9LG;89<58E<F						
4A7	-
:B9BI8A7ELCH?C	 L7EB?LF<FB9 E86L6?879<58EFGB6>J4F7BA85LG;8CEB687HE8466BE7<A:GB23	
,BB5F8EI8 G;8 6;4A:8F G;4G B66HE <A G;8 E86L6?87 9<58E FGB6>J<G;BHG@B7<9<64G<BA 4A7@B7<9<875LHF<A: G;8
8AML@8<AI4E<BHF8AML@846G<I<G<8FG;8FGB6>4E8@84FHE879E88A8FFAH@58EFJ4G8E7E4<A4:864C45<?<GLJ<G;
E898E8A68GB G;8@8G;B7B9!+' (H?CF  8G8E@<A4G<BAB97E4<A45<?<GL  (4EG4A47<4A+G4A74E7
9E88A8FF @8G;B7 E8G8AG<BA B9 9<58EF 5L 9<EFG C4FG E8G8AG<BA @8G;B7 (* 9<A8F 6BAG8AG 4A7 E87H6<A: FH:4E
6BAG8AG	*87H6<A:FH:4EE8?84F87J4F78G8E@<A875L7<A<GEBF4?<6L?<646<7E84:8AG&+23HF<A:68??B5<BF84F
4FG4A74E7GB78G8E@<A8G;889986GB98AML@8FBA68??H?BF878:E474G<BA4FG;8@4<A6;8@<64?6B@CBA8AG<AG;8
C4C8E<AGB:?H6BF8BE68??B5<BF8	<A8F6BAG8AG4FF4L<FC8E9BE@87GB78G8E@<A8G;8C8E68AG4:8B99<A868??H?BF8
9<58EFG;4GC4FF7HE<A:G;8C4C8E@4><A:	46;@84FHE8@8AG<F64EE<87BHGG;E88G<@8FGE<C?B	
 !*)-'+!".1!3.172(%%32.&/4+/&.1#(!1!#3%1)8!3).-.&/!/%12(%%3 ,;8FG8CFB9@4><A:?45BE4GBELF;88GF4E8
@4><A:J8G F;88GF CE8FF<A: 4A7 7EL<A: G;8 F;88GF	%4><A: ;4A7F;88G <F 7BA8J<G; E898E8A68 GB G;8 +&! !+'
 (H?CF  (E8C4E4G<BAB9 ?45BE4GBEL F;88GF 9BEC;LF<64? G8FG<A: V (4EGBAI8AG<BA4? F;88G9BE@8E
@8G;B7	BE846;I4E<45?8<F@478B94G?84FGF<K?45BE4GBELF;88GF	,B8AFHE8G;89HA6G<BA4?:EBHCF6;4A:8F
G;4G B66HE <A G;8 68??H?BF8 9<58EF B9 G;8 E86L6?87 C4C8E G;4G 89986G87 5L 8A7B:?H64A4F8:?!! 4A7 6B@@8E6<4?
68??H?4F8J8E88K4@<A875LBHE<8EGE4AF9BE@<A9E4E87FC86GEBC;BGB@8GE<,!*G;86;4A:8FG;4GB66HEBAG;8
FHE9468B9G;89<58EJ8E8B5F8EI87J<G;F64AA<A:8?86GEBA8@<6EBF6BC8+%	,;86;4A:8F<AG;8<AA8EFGEH6GHE8
G;4G64HF875LG;87EL<A:J8E8?84EA87B9G;86ELFG4??<A<GL6;4A:8F4F@84FHE875L0E4L<9E46G<BA0*	
 5!+4!3).- .& %-%1'7 #.-24,/3).- )- $17)-' 3(% 2(%%3 .& /!/%1 8G8E@<A4G<BA B9 G;8 CBG8AG<4? B9 8A8E:L
899<6<8A6L <AE86L6?87C4C8E5<BCEB68FF <F7BA85L@84FHE<A: G;8@B<FGHE86BAG8AGB9 G;8J8G F;88G589BE84A7
49G8ECE8FF<A:B9@B7<9<87CH?CFHFC8AF<BA	6G<I<GLB98AML@89EB@8<G;8E8A7B:?H64A4F8:?!!BE6B@@8E6<4?
68??H?4F8 6B@@8E6<4? 8AML@8 HF87 GB@B7<9LJ4FG8 C4C8E 9<58EF J8E8    74A -
: BI8A 7EL CH?C	
(BG8AG<4? 8A8E:L 899<6<8A6L G;4G 64?6H?4G87 5L G;8E@B7LA4@<6 4CCEB46; <F 7BA8 5L @84FHE<A: G;8 @B<FGHE8
6BAG8AG6;4A:8FB9J8GF;88GFB9E86L6?87C4C8E9<58EFGB6>7HE<A:7EL<A:<A4ABI8A4G OG;8J4G8E6BAG8AG
@84FHE8@8AGFC8E9BE@874G<AG8EI4?FB9@<AHG8FHAG<?G;8F;88GF586B@87EL	6G<I<GLB98A7B:?H64A4F8:?!!
HF87GB@B7<9LJ4FG8C4C8E9<58EFJ8E8		4A7	-
:B9BI8A7E<87CH?C	
 !#"!#!!
	  (%1%24+3.& /1.$4#3).-.&%-$.'+4#!-!2%'+!-$#.-#%-31!3).-"74+31!&)+31!3).-,%3(.$
EB@G;84A4?LF<FB9 CEBG8<A6BAG8AG<A,45?8  <G64A58F88A G;4G 49G8E H?GE49<?GE4G<BA G;8CEBG8<A 6BAG8AG<A6E84F87
5L4CCEBK<@4G8?L  G<@8F FB G;8E8;4F588A4 6BA68AGE4G<BAB9 CEBG8<A6BAG8AG	
,45?8	 AML@846G<I<GLCEBG8<A6BAG8AG4A7FC86<9<646G<I<GLB9G;86EH784A76BA68AGE4G87B9 8A7B:?H64A4F8:?!!<A6B@C4E<FBAJ<G;
6B@@8E6<4?68??H?4F89EB@ 2/%1')++42-)'%1	
+4@C?8
AML@846G<I<GL (EBG8<A6BAG8AG +C86<9<6 46G<I<GL
-A<GF
@? @:
@? -A<GF
@:CEBG8<A
14$% 8A7B:?H64AF8:?!! 	 	 	
B@@8E6<4? 68??H?4F8 9EB@ 2/%1')++42 -)'%1   	
BA68AGE4G87B98A7B:?H64A4F8:?!! 	 	 	
514   Rina Masriani et al. /  Procedia Chemistry  16 ( 2015 )  511 – 518 

  (%1%24+3.&1%#7#+%$/!/%1&)"%12,.$)&742)-'%-$.'+4#!-!2%'+
,;8 89986G B9 GE84G@8AGJ<G;:?!! GB 6;4A:8F <A G;8I4?H8B9 9E88A8FF E8G8AG<BAB9 9<58EF 9<A8F 4A7 ?8I8?F B9
FB?H5?868??B5<BF86BA68AGE4G<BAB9CH?C9<58EFE86L6?87C4C8E64A58F88A<A,45?8	
,45?8	 9986GB98A7B:?H64A4F8:?!!4A76B@@8E6<4?68??H?4F8GB6;4A:8F<AG;8I4?H8B99E88A8FF(*9<A8F6BAG8AG4A768??B5<BF8
6BAG8AGB9E86L6?87C4C8E9<58EFFGB6>
AML@8
7BF4:8
-
:BI8A
7E<87CH?C
(4E4@8G8EH=<F4GH4A
1%%-%22 @?+ <58EE8G8AG<BA(* <A8F 6BAG8AG 8??B5<BF86BAG8AG@%
:?!! B@@8E6<4?68??H?4F8 :?!!
B@@8E6<4?
68??H?4F8 :?!!
B@@8E6<4?
68??H?4F8 :?!!
B@@8E6<4?
68??H?4F8
?4A>B   	 	 	 	 	 	
	   	 	 	 	 	 	
	   	 	 	 	 	 	
	   	 	 	 	 	 	
	   	 	 	 	 	 	
	   	 	 	 	 	 	
	   	 	 	 	 	 	
	   	 	 	 	 	 	
E88A8FFG4E:8GB9CH?C9BEG;8C4C8E@4><A:<F45BHG@?+	!A<G<4?9E88A8FFB9E86L6?87C4C8ECH?C9<58EF
HF87<F@?+	'CG<@H@7BF4:8B9G;84CC?<64G<BAFB98A7B:?H64A4F8:?!!64A58F88A<A,45?8<F	HA<GF

:BI8A7E<87CH?CB9E86L6?87C4C8E:?!!;4F<A6E84F87G;89E88A8FFB9@?+9EB@@?GB@?6?BF8
GBG;8G4E:8G78F<E879E88A8FF	,;8HF8B9;<:;8E7BF4:8FB98AML@8	GB	-
:B9BI8A7E<87CH?CB9E86L6?87
C4C8E ;4F E8FH?G87 <A 4 ?BJ8E 9E88A8FF J<G; 4A <A6E84F<A: GE8A7	 /;8A 6B@C4E87 J<G; 6B@@8E6<4? 68??H?4F8
4CC?<64G<BA <G ;4F <A6E84F87 <A G;8 9E88A8FF B9 E86L6?87 C4C8E G;8 HF8 B9 8A7B:?H64A4F8 :?!! CEBI<78F 58GG8E
E8FH?GF	66BE7<A:GB23CH?CGE84G@8AGJ<G;68??H?4F8<@CEBI87E4<A4:84G?BJ7BF4:8	,;889986GB97<998E8AGE4J
@4G8E<4?FGBG;8@B7<9<879<58E64A58F88A<A<:	 	
<:	 	 ;4A:8F<A G;89E88A8FF B9 E86L6?879<58EF CH?C @B7<9<875L 8A7B:?H64A4F8 :?!! BA FB@8 '
Y?B64?''9EB@C4C8E@<??X'9EB@C4C8E@<??	
CC?<64G<BAF B9 8A7B:?H64A4F8 :?!! 4G ?BJ7BF4:8F 	 4A7 	 - 
 :B9 BI8A 7E<87 CH?C GB G;E88 7<998E8AG
'F A4@8?L ?B64?''9EB@C4C8E@<??4A7'9EB@C4C8E@<??	 ,;8E8FH?G64A58F88A<A<:	 G;4G
G;8F8;4F:<I8AF<@<?4E C4GG8EA 6;4A:8F B9 G;8 9E88A8FF 7<7 ABG F;BJ F<:A<9<64AG7<998E8A68F	'CG<@H@7BF4:8B9
G;8F84E8	HA<GF
:BI8A7E<87CH?CB9E86L6?87C4C8E	
<58EF@B7<9<64G<BA5L ?BJ8E7BF4:8B98A7B:?H64A4F8 :?!! 	 	 4A7 	 -
: 7EL BI8A CH?CB9 E86L6?87
C4C8E ;4I8 <A6E84F87 9<58E E8G8AG<BA 5HG <A ;<:;8E 7BF4:8 786E84F87 <G ,45?8 	 ,;8 ;<:;8FG 9<58E E8G8AG<BA <F
@B7<9<87 5L	-
:BI8A 7E<87 CH?CB98A7B:?H64A4F8 :?!!;4F <A6E84F879EB@ 	GB 	 HC		
<58E E8G8AG<BA ;4I8 <A6E84F87 5864HF8 B9 G;8 ;<:; 5<A7<A: 45<?<GL B9 68??H?BF8 5<A7<A: 7B@4<A  B9
8A7B:?H64A4F8G;HF<A6E84F<A: <AG8E9<58E 5BA7<A:	 H8GB <A6E84F87 E8G8AG<BA 9<A8F6BAG8AG786E84F87	
8??B5<BF8 6BAG8AG4FF4LB9 9<?GE4G8 B9 E86L6?87 9<58ECH?C J;<6; ;4FGE84G875L4??7BF4:8B98A7B:?H64A4F8 :?!!
4A7 6B@@8E6<4? 68??H?4F8 ;4I8F;BJ87 AB FB?H5?8 F466;4E<78F ,45?8 	!G @84AFG;4G GE84G@8AG 5LG;8F88AML@8F 4G
G;BF8 7BF4:8F7B8FABG 64HF8 78:E474G<BA B968??H?BF8<AGB FB?H5?8 F466;4E<78F	 B@C?8G8;L7EB?LF<F B968??H?BF8 5L
8A7B:?H64A4F8 E8FH?G 68??B5<BF84F@4<A CEB7H6G	 8??B5<BF84E8 FB?H5?8 <A J4G8E	 BAGEB??87 ;L7EB?LF<F B968??H?BF8
5L 8A7B:?H64A4F8 :?!! 4A7 6B@@8E6<4? 68??H?4F8 @B7<9L G;89<58E J<G;BHG 64HF<A: 78:E474G<BA B968??H?BF89<58E
<AGB 68??B5<BF8	
 Rina Masriani et al. /  Procedia Chemistry  16 ( 2015 )  511 – 518 515
  (%1%24+3.&#(!1!#3%1)8!3).-.&/!/%12(%%3 !&&%#3.&31%!3,%-3"7%-$.'+4#!-!2%'+)-3(%&4-#3).-!+
'1.4/2.&1%#7#+%$/!/%1&)"%12
8G8E@<A4G<BA B9 G;8 9HA6G<BA4? :EBHCF 5L ,!* ;4F 7BA8 GB FGH7L G;8 6;4A:8F 5L 8A7B:?H64A4F8 :?!! 4A7
6B@@8E6<4?68??H?4F8GE84G@8AGG;4GB66HE <AG;868??H?BF89<58EFB9G;8E86L6?87C4C8E	







		



	






	







	







	













 

































	













	


	






 



	













	 





























 

	




	












	


	








	







	













 



























 



	




	












	


"!! !
"!! !
"!! !


<:		,;8,!*BI8E?4LFC86GEH@B9  ?B64?'5?4A>  C4C8EF;88GF@B7<9<875L
8A7B:?H64A4F8:?!!4A7  C4C8EF;88GF@B7<9<875L6B@@8E6<4?68??H?4F8
,;8,!*BI8E?4LFC86GEH@<:	 ;4FF;BJAG;4GAB6;4A:8<A9HA6G<BA4?:EBHC<AC4C8EF;88GF@B7<9<875L
8A7B:?H64A4F8 :?!! 4A7 6B@@8E6<4? 68??H?4F8 	 -
: BI8A 7E<87 CH?C 6B@C4E8 GB G;8 5?4A>	 BAGEB??87
;L7EB?LF<FB968??H?BF85L8A7B:?H64A4F8:?!!4A76B@@8E6<4?68??H?4F8@B7<9L G;89<58EJ<G;BHG 64HF<A: 6;4A:8F
<A G;89HA6G<BA4?:EBHCF B9 E86L6?87C4C8E9<58EF	
"&&%#3.& 31%!3,%-36)3(%-$.'+4#!-!2%'+.- 1%#7#+%$/!/%1 &)"%1 241&!#% '5F8EI4G<BA5L+%@8G;B7F
C8E9BE@87 GB8AFHE8 G;86;4A:8F G;4GB66HEBA G;8 FHE9468B9 G;8 9<58E	<:	4;4F F;BJA G;8+%<@4:8B9 G;8
9<58EF FHE9468 B9 G;8 5?4A> ?B64? ' C4C8E F;88GF ;4I8 @B7<9<87 5L :?!! <:	 5 4A7 C4C8E F;88GF ;4I8
@B7<9<87 5L6B@@8E6<4?68??H?4F8<:	6	,;88AML@87BF4:8HF87J4F	-
:BI8A7E<87CH?C	
4 ,;8 +% <@4:8 B9 G;8 9<58EF FHE9468
B9G;85?4A>?B64?'
5 ,;8 +% ),!'% B9 C4C8E F;88GF ;4F
@B7<9<875L:?!!
6 ,;8 +% ),!'% B9 C4C8E F;88GF ;4I8
@B7<9<875L6B@@8E6<4?68??H?4F8
<:		+%<@4:8B9G;89<58EFFHE9468B9G;8E86L6?87C4C8E	
,;89<58EFFHE9468B9G;85?4A>4CC84EF@BBG; G;8E84E8BA?L498JB9 9<5E<?FJ;<?8G;89<58EFFHE9468B9C4C8E
F;88GF ;4I8 @B7<9<87 5L :?!! 4CC84E@BE8 9<5E<?F FB G;4G <A6E84F<A: <AG8E9<58E 5BA7<A:	 <58E@B7<9<64G<BA 5L
6B@@8E6<4?68??H?4F8;4F64HF87 4CC84E@BE89<5E<?FBAG;8FHE9468B9G;89<58E5HG<F466B@C4A<875LG;8CE8F8A68
B96E46>F	66BE7<A:23GE84G@8AGJ<G;68??H?4F88AML@8F<AG;8F86BA74EL9<58EF:E8J@BE89<5E<?F	
# &&%#3 .& 31%!3,%-3 6)3( %-$.'+4#!-!2% '+ )- #1723!++)-)37 .- 1%#7#+%$ /!/%1 &)"%12 0* @84FHE8@8AG
@8G;B7C8E9BE@87GB8AFHE8G;4G6;4A:8F<AG;8<AA8EFGEH6GHE8B66HEF<AE86L6?87C4C8E9<58EF7H8GBG;87EL<A:
CEB68FF	 !AA8EFGEH6GHE8 6;4A:8F <A 4 6B@C4E<FBA B9 G;8 C8E68AG4:8 B9 6ELFG4??<A<GL 4A7 4@BEC;BHF FGEH6GHE8	
<:	 4;4FF;BJAG;80*FC86GEH@B9G;85?4A>?B64?'C4C8EF;88GF ;4I8@B7<9<875L:?!!<:	 5
4A7C4C8EF;88GF;4I8@B7<9<87 5L6B@@8E6<4?68??H?4F8<:	 6	,;88AML@87BF4:8HF87J4F	-
:BI8A
7E<87CH?C	
516   Rina Masriani et al. /  Procedia Chemistry  16 ( 2015 )  511 – 518 
4 ,;80*FC86GEH@B9 G;85?4A>?B64?
'
5 ,;80*FC86GEH@B9G;8C4C8EF;88GF
;4I8@B7<9<875L:?!!
6 ,;80*FC86GEH@B9 G;8C4C8E F;88GF
;4I8@B7<9<875L6B@@8E6<4?68??H?4F8
<:	 	 ,;80*FC86GEH@F B9 G;8 E86L6?87 C4C8EF;88GF
,;8 0* 4A4?LF<FB9G;8E86L6?87C4C8EF;88GF;4I87BA8GBFGH7LG;86;4A:8F <AG;8 <AA8EFGEH6GHE8 64HF875L
G;8 7EL<A:	 ,;8 E8FH?GF;4I8 F;BJA G;4G 9<58EF @B7<9<64G<BAF 5L 8A7B:?H64A4F8:?!! <@CEBI<A:6ELFG4??<A<GL4A7
E87H6<A:4@BEC;BHF E8:<BAF 45BHG	 ELFG4??<A<GL E8:<BAF <A6E84F87 9EB@ 	 <:	 4 GB	 <:	 5 4A7
	 <:	 6	 @BEC;BHF E8:<BAF E87H687 9EB@ 	 <:	 4 GB	 <:	 5 4A7 	 <:	 6	
  (% 1%24+32.&%-%1'7#.-24,/3).-%5!+4!3).-)-3(%$17)-'.&6%3/!/%12(%%3
;4A:8F<AG;8@B<FGHE86BAG8AGB9G;8J8GF;88G589BE84A749G8ECE8FF<A:B9G;8FGB6>B9E86L6?87C4C8E9<58EF
J;<6;;4I8@B7<9<875L8A7B:?H64A4F8:?!! 4A76B@@8E6<4? 68??H?4F8B9		4A7	-
:BI8A7E<87CH?C
6B@C4E8GB G;85?4A>64A58F88A<A<:		
<:	 	;4A:8F <AG;8@B<FGHE86BAG8AGB9G;8J8GF;88G589BE84A749G8ECE8FF<A:B9G;8FGB6>B9 E86L6?87C4C8E9<58EF	 [,;8 E8FH?GF B9 J8G F;88G
@B7<9<875L:?!! Z ,;8E8FH?GFB9J8GF;88G49G8ECE8FF<A:@B7<9<875L:?!! S ,;8E8FH?GFB9J8GF;88G@B7<9<875L 68??H?4F8
6B@@8E6<4? X ,;8E8FH?GFB9J8GF;88G49G8ECE8FF<A:@B7<9<875L68??H?4F8 6B@@8E6<4?	
,;8:E84G8FG6;4A:8F<AG;8@B<FGHE86BAG8AGB9G;8J8GF;88G589BE84A749G8ECE8FF<A:B9G;8FGB6>B9E86L6?87
C4C8E9<58EFJ;<6;;4I8@B7<9<875L8A7B:?H64A4F8:?!!4A76B@@8E6<4?68??H?4F8<F<AGE84G@8AG4G47BF4:8B9
	 -
: ' CH?C G;4G <F 8DH4? GB  	 ,B 64?6H?4G8 G;8 8A8E:L 899<6<8A6L CBG8AG<4? G;EBH:; G;8E@B7LA4@<6
4CCEB46;;4F588A64EE<87BHG@84FHE8@8AGFB96;4A:8F<AG;8@B<FGHE86BAG8AGB9 G;8J8GF;88GFB9B9G;8FGB6>B9
E86L6?87C4C8E 9<58EFJ;<6; ;4I8@B7<9<875L 8A7B:?H64A4F8:?!! B9  	 	 4A7	-
:'CH?C7HE<A:
7EL<A:<A4ABI8A4GO	%84FHE8@8AGB9@B<FGHE86BAG8AG<F7BA88I8EL@<AHG8F<AG8EI4?FHAG<? G;8F;88GF
586B@87EL	,;8E8FH?GB9G;<F78G8E@<A4G<BA64A58F88A<A<:	 	
<:		 ;4A:8F<A G;8@B<FGHE86BAG8AG B9G;8J8G F;88GF J;<6;
@B7<9<875L :?!! 4G 8I8EL @<AHG8F<AG8EI4?F7EL<A:HAG<? G;8
F;88GF586B@8 7EL	 [ ?4A>B W ,;8J8GF;88G;4F @B7<9<875L:?
!! 	 -
:'CH?C X ,;8J8GF;88G;4F @B7<9<875L:?!! 	 -
:
'CH?C  ,;8J8GF;88G;4F @B7<9<875L:?!! 	 -
:'CH?C	
<:	,;8E8FH?GFB964?6H?4G<BAB9G;88A8E:L899<6<8A6LCBG8AG<4?
G;EBH:;G;8E@B7LA4@<64CCEB46; B9B9 G;8J8GF;88GFJ;<6;@B7<9<87
5L:?!! 4G8I8EL@<AHG8F<AG8EI4?F7EL<A:HAG<?G;8F;88GF586B@8
7EL	 [?4A>BW,;8J8GF;88G;4F@B7<9<875L:?!!	-
:'
CH?C X,;8J8GF;88G;4F@B7<9<875L:?!!	-
:'CH?C
,;8J8GF;88G;4F@B7<9<875L:?!!	-
:'CH?C	
 Rina Masriani et al. /  Procedia Chemistry  16 ( 2015 )  511 – 518 517
*898E GB <:	  <G 64A 58 F88A G;4G G;8 :E84G8FG 6;4A:8F <A G;8@B<FGHE8 6BAG8AG B9 G;8J8G F;88G 4G 8I8EL 
@<AHG8F<AG8EI4?F7EL<A:HAG<?G;8F;88GF586B@87ELJ;<6;@B7<9<875L:?!!	-
:'CH?C	,;<FGE84G@8AG 64A
E87H68G;8@B<FGHE86BAG8AGB9J8GF;88GFB9	GB	589BE87EL<A:@<AHG87EL<A:G<@84A7E87H68G;8
@B<FGHE86BAG8AGB9	GB	@<AHG8F7EL<A:G<@8	
 //1.!#(3.#!+#4+!3)-'/.3%-3)!+%-%1'7%&&)#)%-#7.-1%#7#+%$/!/%1")./1.#%22
EB@G;878G8E@<A4G<BAB9@B<FGHE86BAG8AG6;4A:8FB9G;8J8GF;88GF4G8I8EL@<AHG8F<AG8EI4?F7EL<A:HAG<?
G;8F;88GF586B@87ELJ;<6;@B7<9<875L:?!!<AI4E<4G<BAB98AML@87BF4:8<:	;4F588A64EE<87BHGG;EBH:;
G;864?6H?4G<BAB9G;8CBG8AG<4?9BE8A8E:L899<6<8A6LG;8E@B7LA4@<64CCEB46;23G;8E8FH?GF64A58F88A<A<:	 	
*898E GB<:	 G;8 E8FH?GFB9 G;88A8E:L899<6<8A6LCBG8AG<4? <F 64?6H?4G875L G;8E@B7LA4@<64CCEB46; 234E8
F;BJAG;4GG;8;<:;8FG8A8E:L899<6<8A6LJ;<6; @B7<9<875L:?!!	-
:'CH?C	,;<FGE84G@8AG64AE87H68
B9 G;87EL<A: G<@88A8E:L4G @<AHG8F G;8 F86BA7 GB 9<9G; 4G 8I8EL@<AHG8F <AG8EI4?F7EL<A:HAG<? G;8 F;88GF
586B@87EL	
 #!
A7B:?H64A4F8:?!!CBG8AG<4??LE87H687EL<A:8A8E:L6BAFH@CG<BA5L<A5<BCEB68FFE86L6?87C4C8E	
$"!
,;<FE8F84E6; J4F9HA787 G;EBH:; G;8:8A6LB9G;8(B?<6LFF8FF@8AGB9?<@4G84A7!A7HFGE<4?)H4?<GL
!A7BA8F<4A%<A<FGEL B9 !A7HFGEL	 ,;4A>F GB G;8 G84@ 4A7 4?? 8@C?BL88F B9 8AG8E B9 CH?C 4A7 C4C8E J;B ;4I8
FHCCBEG87G;<FE8F84E6;	 ,;4A>FGBG;8 $45BE4GBELB9 <B6;8@<FGEL !AFG<GHG8,86;AB?B:L4A7HA:J;<6; ;4F588A
CEBI<7<A: !#)++42 ,%'!3%1)4, J;<6; 64EE<8F C?4F@<7 (%%8:!!	
 !
	 +@BB>	 !-$"..*.14+/ !-$!/%1 %#(-.+.')23	 E787	 .4A6BHI8E A:HF/<?78(H5?<64G<BA!A6	 	
	 %4E>FGPE@ 	  %23)-'%3(.$!-$-2314,%-32&.1.114'!3%$.!1$	 +J87<4$BE8AGM8AG/8GE8 	
	 "46B5F4A7!(+,	 4+/!-$!/%1-$42317-%1'7!-$6)$3(34$7	 -+ @8E<64A!AFG<GHG8B9;8@<64?A:<A88EF 	
	 <8A8F 	 9986G B9 68??H?4F8 8AML@8F BA F86BA74EL 9<58E CEBC8EG<8F	 (   (%2)2 H74C8FG H74C8FG -A<I8EF<GL B9 ,86;AB?B:L 4A7
6BAB@<6F 	
	 'L8>B?4''&:8F<& 4A7/;<G8?8G	 !FB?4G<BA (HE<9<64G<BA 4A7;4E46G8E<F4G<BA B9AA7B:?H64A4F8 4A7R?H6BF<74F8 9EB@A
A48EB5<6+H?C;<7B:8A<6<BE846GBE	 -87,% !-$)#1.")!+ %#(-.+.'7	   	
	<F6;B99#%$<H+ H:;8F+*	 ?BA<A:4A76;4E46G8E<M4G<BAB94E86B@5<A4AG94@<?L8A7B:?H64A4F89EB@ !#)++42+)#(%-)&.1,)2 FGE4<A
	 1.#%22).#(%,)2317	   	
	 (B@@<8E" H8AG8F "$ B@4 	 -F<A:8AML@8FGB<@CEBI8G;8CEB68FF4A7G;8CEB7H6GDH4?<GL<AG;8E86L6?87C4C8E<A7HFGELV(4EGG;8
54F<6?45BE4GBELJBE>	 ,4CC<"BHEA4?	  
 V	
518   Rina Masriani et al. /  Procedia Chemistry  16 ( 2015 )  511 – 518 
	 (4?4 	$8@BF%%BG4%	4A74@4%	 AML@4G<6HC:E478B9B?7C4C8E5B4E76BAG4<A8EF	 -87,%!-$)#1.")!+ %#(-.+.'7	 
 	
	+4A7?8E+!	 (%,)#!+).#(%,)#!+!-$-')-%%1)-' (%1,.$7-!,)#2	 -+ "B;A/<?8L4A7+BA!A6	 	
	&HE46;@4A1	#HEA<4F<; +(HFC<G4J4G< 	 47< +	*47=4F4'# 4A7&4G4?<4	?BA<A: B9A7B:?H64A4F88A8 9EB@ 4 !#)++42
!,7+.+)04%&!#)%-2 (+% 	 <A 2#(%1)#()! #.+) *8I84?87 4G4?LG<6 ,E<47 *8F<7H8F ,;E <F?H	 ,%1)#!- .41-!+ .& ).#(%,)2317 !-$
).3%#(-.+.'7	  	 	
	 <CB?<G#"	 (%,)#!+1.#%22)-')$2)- !/%1,!*)-'!/1!#3)#!+'4)$%	 -+ ,((!(E8FF 	
	 %<??8E $	 -F8 B9 7<A<GEBF4?<6L?<6 46<7 E84:8AG 9BE 78G8E@<A4G<BA B9 E87H6<A: FH:4E	 -!+ (%,   	 '!
	
464	
	E479BE7%%	 E4C<74A7F8AF<G<I8@8G;B7 9BE G;8DH4AG<G4G<BAB9@<6EB:E4@DH4AG<G<8FB9CEBG8<AHG<?<M<A: G;8CE<A6<C?8B9CEBG8<A7L8
5<A7<A:	 -!+).#(%,	  
 	'!	
	
	 %4FE<4A< *  <74L4G ,  4E7<4A<  	 (8E54<>4A &1%%-%22 74A @HGH >8EG4F 74HE H?4A: L4A: 7<CEB7H>F< 74E< >8EG4F 58>4F @8A::HA4>4A
#%++4+.2%")-$)-'$.,!)- 74E< 8A7B:?H>4A4F8:?!!"HEA4?+8?H?BF4	  	
	 $8FG4E< ( *<6;4A4 & %HE7<L4G@B -	 (8@HEA<4A T@<?4F8 !#)+++42 23%!1.3(%1,./()+42 78A:4A @8@5E4A H?GE49<?GE4F<	 41-!+
)*1.").+.')-$.-%2)!	   	
	 %4FE<4A< *  <74L4G , ,E<FH?B 	 (8@<F4;4A #%++4+.2%")-$)-' $.,!)- 74E< 8A7B:?H>4AF8 :?!! 78A:4A @8GB78 CEBG8B?<F<F	 41-!+
%+4+.2!	   	
	%4FE<4A<*74A&HE46;@4A1	 %B7<9<>4F<F8E4G>8EG4F58>4F@8A::HA4>4A8A7B:?H>4A4F8:?!!	 41-!+%+4+.2!	   	
